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Abstract

Objective: It has been suggested that female hormones, and hence menstrual and reproductive factors, play a
role in thyroid cancer etiology. Epidemiological data, however, are limited and inconsistent, partly because of the
small number of cases included in each study. To clarify the etiology of thyroid cancer, we conducted a pooled
analysis of original data from 14 case-control studies, 4 from the United States, 2 from Asia, and 8 from Europe.
Methods: This analysis included a total of 2,247 female cases of thyroid cancer (80% papillary) and 3,699 control
women. Pooled odds ratios (OR) were estimated using logistic regression, conditioning on study and (i) matching
sets for individually matched studies, or (ii) quinquennia of age for the other studies. Additional terms for age
and history of radiation exposure were included in the regression equations.
Results: The OR per year of later menarche was 1.04 (95% con®dence interval (CI) 1.0±1.1). Compared to pre-
menopausal women, the OR was 1.3 for women with natural menopause, and 1.8 for those with arti®cial
menopause, but the studies were heterogeneous and the association may be due, at least in part, to diagnostic or
ascertainment bias. Parity, spontaneous or induced abortions and history of infertility were not associated with
thyroid cancer risk. The OR was above unity in women reporting later age at ®rst birth (OR � 1.1, 95% CI 1.0±
1.3 for 5-year delay) and higher in the ®rst years after a birth.
Conclusions: The associations of menstrual and reproductive factors with thyroid cancer risk were generally
weak, but appeared stronger among women diagnosed with thyroid cancer at younger ages.

Cancer Causes and Control 10: 143±155, 1999. 143Ó 1999 Kluwer Academic Publishers. Printed in the Netherlands.



Introduction

Thyroid cancer is approximately three times more
frequent in women than in men, particularly during
reproductive years [1, 2]. Elevated thyroid stimulating
hormone (TSH) secretion has been reported during
puberty, pregnancy and oral contraceptive use [3±6],
and elevated levels of TSH are associated with thyroid
growth in humans [7, 8]. Moreover, during puberty and
the menstrual cycle, changes occur in the thyroid gland
[9]. Estrogen receptors have been found in thyroid
cancers, particularly in well di�erentiated ones [10±12].
Estrogens can promote thyroid tumors in animals [13].
These ®ndings have led to the hypothesis that sex
hormones, and consequently menstrual and reproduc-
tive events, modify a woman's risk of thyroid cancer.
Results from epidemiological studies, however, have

been inconsistent. Some investigators found an increas-
ing risk of thyroid cancer with increasing number of
pregnancies or births [14±18], while others did not [19±
23]. A record linkage study on 1.1 million Norwegian
women born 1935±1969 found a direct relation with
parity [24] and a Swedish nested case-control study of
over 1,400 cases reported an association between parity
and thyroid cancer risk for women aged 50 to 59 years at
diagnosis, but not at younger ages [25]. Late menarche
[21], post-menopausal status and arti®cial menopause

[14±16, 26], late age at ®rst or last birth [20, 21, 25],
personal history of miscarriages [14±16, 20, 22] or
history of miscarriages in the mother [27], and di�cul-
ties in conception [22] have also been suggested as risk
factors for thyroid cancer, but the evidence is scanty and
inconsistent.
To investigate further the relation between menstrual

and reproductive factors and thyroid cancer risk, we
conducted a pooled analysis of 14 thyroid cancer case-
control studies.

Methods

A detailed description of the studies included in this
pooled analysis is given in a separate paper [28] and in
the original study publications. The 14 studies included
represent all case-control studies on thyroid cancer
identi®ed through MEDLINE searches and published
between 1980 and 1997, or personal knowledge of
authors. Four studies were conducted in the USA,
including one in Los Angeles [14], one in Western
Washington [19], one in Hawaii [22], and one in
Connecticut [20]. Two were conducted in Asia, one in
Hiroshima and Nagasaki, Japan, and the other in
Shanghai, China [16]. In the Japanese study, cases and
controls were matched on A-bomb exposure and radi-

Table 1. Selected descriptive characteristics of menstrual factors by study (cases:controls)

Study number

and location

No. of cases

and controls

Median age

at menarche

% of postmenopausal

women

Median age

at menopause

% with arti®cial

menopausea

America ± USA

1. Los Angeles 292:292 13:12 16:14 42:40 81:60

2. Western Washington 185:393 13:13 46:37 43:47 59:48

3. Hawaii 140:328 13:13 45:41 45:48 41:40

4. Connecticut 109:208 13:13 43:40 46:47 37:45

Asia

5. Hiroshima and

Nagasaki, Japan

307:307 14:14 32:31 48:49 25:19

6. Shanghai, China 207:207 15:15 14:9 48:47 13:5

Europe ± North

7. Southeastern Sweden 149:187 13:14 ± ± ±

8. Uppsala, Sweden 133:203 13:13 35:34 51:50 27:16

9. Northern Sweden 123:240 13:13 ± ± ±

10. Norway, NHSS 71:355 ± ± ± ±

11. Tromsù, Norway 58:138 14:13 31:31 47:50 35:10

Europe ± South

12. Northern Italy 291:427 13:13 40:43 49:49 29:23

13. Vaud, Switzerland 100:318 13:13 39:43 47:50 49:22

14. Athens, Greece 82:96 13:13 34:22 49:50 29:38

Total 2247:3699 13:13 32:33 47:48 39:31

a Among postmenopausal women.

± Means data not available.
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ation dose. Of the eight European studies, ®ve were
conducted in Scandinavian countries, three in Sweden
[17, 23, 26, 29] and two in Norway [26, 29, 30], and the
remaining three in Northern Italy [21], the Swiss canton
of Vaud [15], and Athens, Greece [31].
In this paper, only women were considered, for a total

of 2,247 cases and 3,699 controls. A large majority of the
cases were papillary (1,791; 79.7%) followed by follic-
ular (315; 14.0%), medullary (39; 1.7%), and anaplastic
(11; 0.5%). Other histologic types (22) comprised 1.0%
of the cases and histology was unde®ned for 69 (3.1%).
The original datasets were restructured to conform to

a prede®ned uniform format, and analyzed in a stan-
dardized way. The variables considered were age at
menarche, menopausal status, age at menopause, type of
menopause (natural/other), history of and age at hys-
terectomy, monolateral or bilateral oophorectomy,
number of pregnancies, births, miscarriages and induced

abortions, outcome of ®rst pregnancy, age at ®rst and
last pregnancy and birth, number of children breast fed,
duration of breast feeding and history of infertility.
For each variable, a set of tables was produced for

each study. These included: (i) descriptive features of the
distribution for cases and controls separately, including
mean, standard deviation, quantiles, range; (ii) the
frequency distribution of cases and controls according
to prede®ned categories; (iii) the odds ratios (OR) and
the corresponding 95% con®dence intervals (CI), esti-
mated using conditional logistic regression models [32].
For matched studies, the strata were de®ned by the
matching sets, and for unmatched ones, by quinquennia
of age. Data for the 14 studies were analyzed together,
with conditional logistic regression models, conditioning
on study. Heterogeneity among studies, geographical
areas and study design was systematically tested by
comparing the di�erence in the )2 log likelihood of a

Table 3. Distributiona of thyroid cancers and controls and corresponding odds ratios (OR)b according to menstrual factors

Variable Cases Controls OR (95% CI)c

Age at menarche (years)

<13 663 (31)d 1153 (35) 1e

13±14 941 (44) 1425 (43) 1.1 (1.0±1.3)

³ 15 542 (25) 726 (22) 1.2 (1.0±1.4)

v2 heterogeneity across studies 8.10; 12df (p = 0.78)

per year increase 1.0 (1.0±1.1)

v2 heterogeneity across studies 10.25; 12df (p = 0.59)

Menopausal statusf

Pre 1282 (68) 1943 (67) 1e

Post, natural 372 (20) 666 (23) 1.3 (1.0±1.8)

Post, arti®cial 236 (12) 296 (10) 1.8 (1.4±2.4)

v2 heterogeneity across studies 27.28; 20df (p = 0.13)

Age at menopause (years)g

<45 209 (35) 260 (28) 1e

45±49 170 (29) 260 (28) 0.9 (0.7±1.3)

50±52 136 (23) 242 (26) 0.8 (0.6±1.2)

³ 53 77 (13) 172 (18) 0.8 (0.5±1.2)

v2 heterogeneity across studies 22.98; 10df (p = 0.01)

per 5 years increase 1.0 (0.9±1.1)

v2 heterogeneity across studies 20.91; 10df (p = 0.02)

Time since menopause (years)g

� 3 121 (21) 145 (16) 1.5 (1.0±2.2)

4±6 86 (15) 123 (13) 1.1 (0.8±1.7)

7±9 67 (11) 121 (13) 0.9 (0.6±1.3)

³ 10 316 (54) 545 (58) 1e

v2 heterogeneity across studies 11.79; 10df (p = 0.30)

per 5 years increase 1.0 (0.9±1.1)

v2 heterogeneity across studies 21.34; 10df (p = 0.02)

a Based on studies 1±9, 11±14 for age at menarche; 1±6, 8, 11±14 for menopausal status, age at menopause and time since menopause.
b Estimates from conditional logistic regression conditioned on study and age, and adjusted for history of radiation and age.
c 95% con®dence interval.
d The percentage is given in parentheses.
e Reference category.
f Adjusted also for use of hormone replacement therapy.
g Adjusted also for type of menopause.

146 E. Negri et al.



model estimating a common OR and a model estimating
an OR for each group to the chi-square distribution with
degrees of freedom equal to the number of groups minus
one. For categorical variables with ordinal values, the
heterogeneity among trends was tested.
Since all American and Scandinavian studies had

population controls, while the three South European
ones used hospital controls, the heterogeneity test
between geographical areas and study designs were
similar, and only the former were presented. The
modifying e�ect of age at diagnosis was tested by
computing the decrease in )2 log likelihood between the
models without and with interaction terms, assuming
that this follows a chi-square distribution with degrees
of freedom given by the number of interaction terms.
Papillary and follicular cancers also were analyzed
separately.
For some binary or continuous variables, graphs are

presented displaying the odds ratio for each study,
plotted as a black square whose size is inversely
proportional to the variance of the estimate [33].

Results

Selected descriptive data on menstrual factors in various
studies considered are given in Table 1. Age at menarche
occurred somewhat later in Asia than in other conti-
nents. Although the menopause-related variables re-
¯ected the di�erent age distribution of subjects in
various studies, cases reported a slightly earlier age at
menopause and higher percentage of arti®cial meno-
pause than controls in several studies. Mean parity was
somewhat lower in southern Europe than other geo-
graphic areas (Table 2). The proportion of women
reporting a history of infertility was highest in Hawaii,
Washington State and Connecticut, probably re¯ecting
di�erences in the diagnosis of the condition, or in the
type of information collected.
The distribution of thyroid cancer cases and controls

according to menstrual factors, and the corresponding
ORs, are presented in Table 3. There was a moderate
association between later age at menarche and thy-
roid cancer risk: the OR was 1.2 for women whose

Fig. 1. Odds ratio of thyroid cancer in women reporting natural menopause as compared to pre-menopausal ones.
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menarche occurred at age 15 or more years compared
with those reporting menarche below age 13. The
OR per year of later menarche was 1.0 (95% CI 1.0 to
1.1).
Compared with pre-menopausal women, the OR was

above one for both natural and arti®cial menopause
(Figures 1 and 2), and the association was statistically
signi®cant for arti®cial menopause (OR � 1.8, 95% CI
1.4 to 2.4, Figure 2). The association with menopausal
status, however, was restricted to women who had not
received radiation exposure.
Thyroid cancer risk was somewhat lower in women

with later menopause, the OR being 0.8 for women
reporting menopause at age 50 or over. The OR for
a 5-year delay in age at menopause was 1.0 (not
signi®cant); however, signi®cant heterogeneity among
studies was observed. Although the estimate was not
signi®cant, the OR was above unity for women
reporting menopause £ 3 years before diagnosis, and
the OR tended to decline with increasing time since
menopause.

Parous women compared with nulliparous women
had an increased risk of borderline signi®cance; the
pooled OR was 1.2 (p � 0.08) (Table 4, Figure 3). No
clear relationship with number of births was seen. The
ORs were 1.3, 1.2, 1.1, and 1.2 for women with 1, 2, 3
and 4 or more births, respectively, compared with
nulliparae. Similarly, there was no appreciable relation-
ship with miscarriages (OR � 1.0 for ³ 2 miscarriages),
induced abortions (OR � 1.1 for ³ 2 abortions), or
history of infertility (OR � 1.2).
Compared to nulligravidae, the OR was 1.3, 1.3

and 1.8 respectively for women whose ®rst pregnancy
ended up with a birth, an induced abortion or a
miscarriage.
The risk of thyroid cancer increased with increasing

age at ®rst birth: compared to women whose ®rst birth
was below age 20, the OR was 0.9 for women whose ®rst
birth was at age 20 to 24, 1.1 at 25 to 29, and 1.3 at ³ 30
years. In 10 out of 12 studies, the OR was above unity in
women with late age at ®rst birth, and the continuous
OR for a 5-year increase was 1.1 (95% CI 1.0 to 1.3,

Fig. 2. Odds ratio of thyroid cancer in women reporting arti®cial menopause as compared to pre-menopausal ones.
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Table 4. Distributiona of thyroid cancers and controls and corresponding odds ratios (OR)b according to reproductive factors

Variable Cases Controls OR (95% CI)c

Number of birthsd

Nulliparae 503 (26)e 861 (27) 1f

Parae 1451 (74) 2379 (73) 1.2 (1.0±1.4)

v2 heterogeneity across studies 10.18; 11df (p = 0.51)

1 357 (18) 507 (16) 1.3 (1.0±1.6)

2 558 (29) 903 (28) 1.2 (1.0±1.4)

3 282 (14) 513 (16) 1.1 (0.9±1.4)

³ 4 250 (13) 445 (14) 1.2 (1.0±1.6)

v2 heterogeneity across studies 6.50; 11df (p = 0.83)

per birth 1.0 (1.0±1.1)

v2 heterogeneity across studies 5.37; 11df (p = 0.91)

Number of miscarriagesg

0 1356 (79) 2081 (81) 1f

1 256 (15) 329 (13) 1.2 (1.0±1.5)

³ 2 96 (6) 158 (6) 1.0 (0.8±1.3)

v2 heterogeneity across studies 4.99; 8df (p = 0.76)

per miscarriage 1.0 (0.9±1.1)

v2 heterogeneity across studies 6.11; 8df (p = 0.64)

Number of induced abortionsg

0 1379 (81) 2181 (85) 1f

1 199 (12) 241 (9) 1.1 (0.9±1.4)

³ 2 130 (8) 145 (6) 1.1 (0.8±1.4)

v2 heterogeneity across studies 12.25; 8df (p = 0.14)

per induced abortion 1.1 (1.0±1.2)

v2 heterogeneity across studies 11.66; 8df (p = 0.17)

Outcome of ®rst pregnancyg

Nulligravidae 261 (23) 424 (26) 1

Birth 687 (62) 1002 (62) 1.3 (1.0±1.8)

Induced abortion 80 (7) 103 (6) 1.3 (0.9±2.0)

Miscarriage 9 (8) 93 (6) 1.8 (1.2±2.6)

v2 heterogeneity across studies 22.14; 14df (p = 0.08)

History of infertilityg

No 1142 (92) 1903 (92) 1f

Yes 98 (8) 173 (8) 1.2 (0.9±1.6)

v2 heterogeneity across studies 4.53; 6df (p = 0.61)

Age at ®rst birthg

Nulliparae 503 (27) 861 (28) 0.9 (0.7±1.2)

<20 156 (8) 273 (9) 1f

20±24 581 (32) 1083 (35) 0.9 (0.7±1.1)

25±29 434 (24) 673 (22) 1.1 (0.8±1.4)

³ 30 161 (9) 214 (7) 1.3 (1.0±1.8)

v2 heterogeneity across studies 12.25; 11df (p = 0.35)

per 5 years increase 1.1 (1.0±1.3)

v2 heterogeneity across studies 14.32; 11df (p = 0.22)

Age at last birthg

Nulliparae 416 (28) 708 (28) 1.0 (0.8±1.3)

<25 205 (14) 383 (15) 1f

25±29 402 (27) 671 (27) 1.1 (0.9±1.4)

30±34 295 (20) 459 (18) 1.1 (0.9±1.4)

³ 35 175 (12) 281 (11) 1.1 (0.9±1.6)

v2 heterogeneity across studies 10.47; 8df (p = 0.23)

per 5 years increase 1.1 (1.0±1.2)

v2 heterogeneity across studies 8.38; 8df (p = 0.40)

Years since last birthg (women aged £ 45 years)

Nulliparae 332 (39) 556 (40) 1f

<5 161 (19) 262 (19) 1.0 (0.7±1.4)

5±9 129 (15) 210 (15) 0.8 (0.6±1.3)
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Table 4. (Continued)

Variable Cases Controls OR (95% CI)c

10±14 118 (14) 182 (13) 0.9 (0.6±1.3)

³ 15 103 (12) 164 (12) 0.8 (0.5±1.2)

v2 heterogeneity across studies 5.43; 8df (p = 0.71)

per 5 years increase 0.9 (0.8±1.0)

v2 heterogeneity across studies 13.00; 8df (p = 0.11)

Breast feedingh (parous women only)

Never 178 (23) 287 (24) 1f

Ever 589 (77) 907 (76) 1.0 (0.7±1.3)

v2 heterogeneity across studies 4.59; 6df (p = 0.60)

per 12 months increase 1.1 (1.0±1.2)

v2 heterogeneity across studies 11.05; 6df (p = 0.09)

a Based on studies 1±6, 8, 10±14 for parity and age at ®rst birth; 1±6, 12±14 for number of miscarriages and induced abortions: 1±6 for outcome

of ®rst pregnancy; 1±5, 8, 11±13 for age at and years since last birth; 1±5, 12, 13 for history of infertlity; 1±5, 11, 14 for breast feeding.
b Estimates from conditional logistic regression conditioned on study and age, and adjusted for history of radiation and age.
c 95% con®dence interval.
d Adjusted also for oral contraceptive use.
e The percentage is given in parentheses.
f Reference category.
g Adjusted also for parity.
h Adjusted also for parity and use of hormones for lactation suppression.

Fig. 3. Odds ratio of thyroid cancer in parous women as compared to nulliparae.
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Figure 4), but there was only a moderate association for
a longer interval between menarche and ®rst birth
(OR � 1.1 (n.s.) for ³ 11 years versus <8). There was
also a tendency for thyroid cancer risk to increase with
increasing age at last birth, although the trend was not
signi®cant. In women below age 45, the risk of thyroid
cancer somewhat decreased with longer time since last
birth, and the OR was 0.9 (95% CI 0.8 to 1.0) for a
5-year increase in time since last birth. There was no
association between history of breast feeding and
thyroid cancer risk; the OR for ever versus never breast
feeding was 1.0. No signi®cant interaction between
reproductive factors and history of medical radiation
therapy was observed.
The role of menopausal status, age at menopause,

time since menopause, outcome of ®rst pregnancy, age
at ®rst and time since last birth were further considered
for papillary and follicular neoplasms separately
(Table 5). Most associations were somewhat stronger

for follicular neoplasms, but the patterns were similar,
and the di�erence seen between the two most common
histologic types were within the range of random
variation.
Separate analyses in strata of geographical area and

age at diagnosis showed no appreciable heterogeneity
by geographic area (Table 6). Age at diagnosis, how-
ever, showed a signi®cant interaction with menopausal
status, time since menopause and age at last birth. In
general, the associations with reproductive variables
were systematically stronger at younger age, and
declined with advancing age at thyroid cancer diagno-
sis. Thus, the OR for parae versus nulliparae was 1.3 at
age 35 or under but 1.1 above 55, that for induced
abortion 1.2 at age 35 or under and 1.0 above age 55,
that for 5-year delay of age at ®rst birth 1.3 at age 35 or
under and 1.0 above age 55, and that for a 5-year
increase in age at last birth 1.4 at age 35 or under, and
1.0 above age 55.

Fig. 4. Odds ratio of thyroid cancer for a 5-year delay of age at ®rst birth.
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Table 5. Distributiona of papillary and follicular thyroid cancers and controls and corresponding odds ratios (OR)b according to menstrual and

reproductive factors

Variable Papillary Follicular

Cases Control OR(95% CI)c Cases Controls OR(95% CI)c

Menopausal statuse

Pre 1069 1813 1d 160 928 1d

Post, natural 280 629 1.2 (0.9±1.7) 58 441 1.6 (0.8±3.0)

Post, arti®cial 177 288 1.7 (1.3±2.3) 49 218 3.1 (1.7±5.6)

v2 heterogeneity across studies 26.91; 20df (p = 0.14)

Age at menopausef

<45 152 247 1d 48 188 1d

45±49 126 247 0.9 (0.6±1.2) 31 175 1.0 (0.5±1.9)

50±52 110 230 0.9 (0.6±1.3) 15 170 0.5 (0.2±1.0)

³ 53 55 165 0.8 (0.5±1.3) 13 109 0.8 (0.3±1.8)

v2 heterogeneity across studies 31.90; 10df (p < 0.001)

per 5 years 1.0 (0.9±1.1) 0.9 (0.8±1.1)

v2 heterogeneity across studies 25.59; 10df (p = 0.004)

Time since menopausef

£ 3 97 143 1.5 (1.0±2.4) 19 99 1.3 (0.6±2.9)

4±6 69 118 1.3 (0.8±2.0) 12 74 0.9 (0.4±2.2)

7±9 49 118 0.9 (0.6±1.4) 14 85 0.9 (0.4±1.9)

³ 10 226 510 1d 62 384 1d

v2 heterogeneity across studies 16.44; 10df (p = 0.09)

per 5 years 1.0 (0.9±1.1) 1.1 (0.9±1.3)

v2 heterogeneity across studies 23.88; 10df (p = 0.008)

Outcome of ®rst pregnancyg

Nulligravidae 215 383 1d 38 176 1d

Birth 581 957 1.4 (1.0±1.9) 87 562 0.9 (0.4±1.8)

Induced abortion 68 100 1.2 (0.8±1.9) 8 47 1.0 (0.4±2.7)

Miscarriage 73 91 1.7 (1.1±2.7) 12 45 1.7 (0.7±4.3)

v2 heterogeneity across studies 22.01; 14df (p = 0.08)

Age at ®rst birthg

Nulliparae 408 792 0.9 (0.7±1.3) 69 411 1.2 (0.6±2.6)

<20 122 251 1d 26 155 1d

20±24 481 984 0.9 (0.7±1.2) 64 524 0.7 (0.4±1.3)

25±29 358 612 1.1 (0.9±1.5) 53 319 1.0 (0.6±1.9)

³ 30 112 194 1.2 (0.8±1.7) 28 119 1.7 (0.9±3.5)

v2 heterogeneity across studies 14.44; 11df (p = 0.21)

per 5 years 1.1 (1.0±1.3) 1.2 (1.0±1.5)

v2 heterogeneity across studies 18.50; 11df (p = 0.007)

Years since last birthg (women aged £ 45 years)

Nulliparae 275 521 1d 46 282 1d

<5 134 255 1.0 (0.7±1.5) 23 175 0.6 (0.3±1.4)

5±9 106 206 0.9 (0.5±1.3) 19 116 0.8 (0.3±2.2)

10±14 99 161 0.9 (0.6±1.4) 13 100 0.5 (0.2±1.3)

³ 15 85 157 0.8 (0.5±1.3) 11 89 0.4 (0.1±1.1)

v2 heterogeneity across studies 6.59; 8df (p = 0.58)

per 5 years 0.9 (0.8±1.1) 0.9 (0.7±1.2)

v2 heterogeneity across studies 11.89; 8df (p = 0.16)

a Based on studies 1±6, 8, 11±14 for menopausal status, age at menopause and time since menopause; 1±6 for outcome of ®rst pregnancy;

1±6, 8, 10±14 for age at ®rst birth; 1±5, 8, 11±13 for years since last birth; 1±5, 12, 13 for history of infertility.
b Estimates from conditional logistic regression conditioned on study and age, and adjusted for history of radiation and age.
c 95% con®dence interval.
d Reference category.
e Adjusted also for use of hormone replacement therapy.
f Adjusted also for type of menopause.
g Adjusted also for parity.
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Table 6. Odds ratio (OR)a of thyroid cancer according to selected menstrual and reproductive factors, in strata of geographical area and age at

diagnosis

Variable Geographical area Age at diagnosis

USA ASIA North EU South EU £ 35 36±55 ³ 56

Age at menarche

per year 1.1 1.1 1.0 1.1 1.1 1.0 1.1

v2 0.9b; 3df (p = 0.82) 4.6c; 2df (p = 0.10)

Menopausal statusd

pre 1e 1e 1e 1e 1e 1e 1e

post, natural 1.3 1.4 1.0 1.4 0.2 1.5 0.6

post, arti®cial 1.6 1.8 2.5 2.3 1.4 2.2 0.9

v2 3.5b; 6df (p = 0.75) 11.7c; 4df (p = 0.02)

Age at menopausef

per 5 years 0.9 1.0 1.3 1.0 ± 1.0 0.9

v2 2.5b; 3df (p = 0.47) 0.3c; 1df (p = 0.59)

Time since menopausef

£ 3 1.0 3.1 1.8 1.6 ± 1.3 1.7

4±6 0.7 2.4 0.7 1.8 ± 1.3 0.9

7±9 0.5 1.5 2.4 0.9 ± 0.7 1.0

³ 10 1e 1e 1e 1e ± 1e 1e

v2 1.5b; 3df (p = 0.71) 4.9c; 1df (p = 0.03)

Parityg

Nulliparae 1e 1e 1e 1e 1e 1e 1e

Parae 1.1 1.3 1.1 1.3 1.3 1.1 1.1

v2 1.6; 3df (p = 0.66) 1.6c; 2df (p = 0.46)

per birth 1.0 1.0 1.0 1.1 1.1 1.1 1.0

v2 0.5b; 3df (p = 0.92) 4.6c; 2df (p = 0.10)

Number of miscarriagesh

per miscarriage 1.1 1.0 ± 1.0 1.1 1.0 1.0

v2 0.9b; 2df (p = 0.63) 1.0c; 2df (p = 0.60)

Number of induced abortionsh

per abortion 1.2 1.1 ± 1.0 1.2 1.1 1.0

v2 0.9b; 2df (p = 0.65) 3.4c; 2df (p = 0.70)

Outcome of ®rst pregnancyg

Nulligravidae 1e 1e ± ± 1e 1e 1e

Birth 1.2 1.8 ± ± 1.4 1.3 1.2

Induced abortion 1.2 1.8 ± ± 0.9 1.8 1.2

Miscarriage 1.6 2.4 ± ± 2.1 1.6 1.6

v2 2.3b; 3df (p = 0.51) 3.8c; 6df (p = 0.70)

History of infertilityh

Yes vs No 1.0 2.2 ± 2.0 1.6 1.3 0.9

v2 2.5b; 2df (p = 0.29) 3.5c; 2df (p = 0.17)

Age at ®rst birthh

per 5 year delay 1.0 1.2 1.1 1.3 1.3 1.2 1.0

v2 1.9b; 3df (p = 0.60) 4.0c; 2df (p = 0.14)

Age at last birthh

per 5 years increase 1.0 1.0 1.0 1.2 1.4 1.0 1.0

v2 4.5b; 3df (p = 0.22) 6.9c; 2df (p = 0.03)

Years since last birthh (women aged £ 45 years only)

per 5 years increase 0.6 1.1 0.8 0.8 0.8 0.9 ±

v2 1.5b; 3df (p = 0.68) 0.8c; 1df (p = 0.37)

Breast feedingi

per 12 months 0.9 1.2 1.1 0.9 0.9 1.0 1.1

v2 5.6b; 3df (p = 0.13) 1.1c; 2df (p = 0.57)

a Estimates from conditional logistic regression conditioning on study and age, adjusted for history of radiation and age.
b Testing heterogeneity across geographical areas.
c Testing e�ect modi®cation of age.
d Adjusted also for use of hormone replacement therapy.
e Reference category.
f Adjusted also for type of menopause.
g Adjusted also for oral contraceptives use.
h Adjusted also for parity.
i Adjusted also for parity and use of hormones for lactation suppression.
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Discussion

Several menstrual and reproductive factors have been
related to thyroid cancer risk, however, many of these
results are inconsistent. This is not surprising, since
available data on menstrual and reproductive factors
indicate that these factors are, at most, moderately
related to thyroid cancer risk. Even the few signi®cant
associations observed (i.e., with later menarche, miscar-
riage as a ®rst pregnancy or later age at ®rst birth) were
weak.
The present pooled analyses were based on a uniquely

large dataset for a relatively rare neoplasm such as
thyroid cancer. For age at ®rst birth, time since last
birth, and infertility, the associations observed are in the
same direction as those reported for breast cancer, but
of smaller magnitude [34, 35]. In contrast, unlike breast
cancer, there appears to be an inverse relationship
between thyroid cancer and age at menopause. E�ects of
most menstrual and reproductive factors occured at
younger age at diagnosis and, as in several other
hormone-related neoplasms, their e�ect seems to level
o� after stopping exposure [36].
Some of the risks observed, including arti®cial

menopause, may well be due to surveillance bias, since
women undergoing surgical menopause may be more
carefully monitored for any hormonal ± including
thyroid ± imbalances, particularly during the ®rst few
years after surgery [37]. The increased risk of arti®cial
menopause, however, could be related to an underlying
clinical condition, which, as in the case of uterine
®broma, results in hyperestrogenism [25]. Other factors,
including age at ®rst birth or time since last birth, are
less likely to be in¯uenced by ascertainment or recall
bias, and probably re¯ect real indicators of thyroid
cancer risk. In fact, it is unlikely that the recall of
parity-related factors is systematically di�erent for
cases and controls.
The absence of signi®cant heterogeneity across stud-

ies or geographic areas provides further support for the
observed associations. The lack of appreciable associ-
ations observed with infertility, miscarriages, nullipar-
ity or breast feeding are also of interest, since these
factors have been reported in some previous studies
[37, 38].
In conclusion, the present study provides more precise

results than previously available on the role of men-
strual and reproductive factors on thyroid carcinogen-
esis. The data suggest that menstrual and reproductive
factors are, if anything, weakly related with thyroid
cancer risk.
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